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Abstract
The effect of anesthetic technique on post-operative outcomes remains in question. This
systematic review compares the role of regional versus general anesthesia, with a particular focus
on post-operative cognitive function. Potentially relevant articles were identified by searching
publicly available computerized databases for this systematic review. Any surgical procedure was
accepted with the exception of cardiac, carotid, and neurosurgical procedures. Any regional
anesthetic technique was accepted unless combined with a general anesthetic or in conjunction
with propofol as a sedative. Any measure of post-operative cognitive function was accepted as
long as it was performed no sooner than seven days post-operatively. Sixteen studies met inclusion
criteria and were included in the final analysis. Three studies showed some difference in cognitive
function between regional and general anesthesia, while the remaining thirteen showed no
difference between regional and general anesthesia on postoperative cognitive function.
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INTRODUCTION
Cognitive dysfunction following surgery is a complication that can have a significant impact
on a patient’s quality of life and remains an increasing source of concern for adult and
pediatric patients and their families.1
In adults, postoperative cognitive dysfunction is described as an impairment in
concentration, memory, language, learning, and/or daily functioning that develops after
surgery, and can persist for weeks, months, or more with varying severity. In most cases,
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cognitive dysfunction can be quite mild and only diagnosed through assessment using
specific neuropsychological tests.1 Postoperative cognitive decline occurs more frequently
in the elderly population with an incidence as high as 26% in patients older than 60 years of
age and persisting more than one week after non-cardiac surgery.2 Factors that have been
implicated in increasing this risk after surgery include pain, preoperative impairment in
neurocognitive function, metabolic disturbances, duration/type of surgery, hypoxemia, old
age, and use of certain anesthetics.3
In pediatric patients, the possible association between long-term neurocognitive impairment
and anesthesia has been raised from both animal and recent clinical epidemiological
studies.4 In animal studies, exposure of the developing brain to general anesthetic agents in
both rodents and non-human primates have been shown to induce neurotoxic effects at the
cellular level, and neurobehavioral deficits in these same animals as adults. Over the past
five years, several clinical studies have also reported an association between
neurodevelopmental impairment and anesthesia in very young children.5–7 Due to concern
about cognitive dysfunction from anesthesia and surgery, several studies have attempted to
evaluate whether the avoidance of exposure to general anesthetics and adoption of regional
anesthetic techniques reduce the risk of cognitive dysfunction or impairment in patients.
The goal of this paper is to conduct a systematic review of studies that have specifically
compared the risk of postoperative cognitive dysfunction following general versus regional
anesthesia in patients without pre-existing neurologic diagnoses undergoing non-cardiac and
non-carotid surgery. Although much of the data on postoperative cognitive dysfunction has
been from adults, we expanded our search to include both pediatric and adult patients.
We defined cognitive dysfunction as an abnormal change in concentration, memory,
language, learning, and/or daily functioning that may be diagnosed by neuropsychological
tests and persists after postoperative day seven, and regional anesthesia as spinal, epidural,
peripheral nerve blocks with minimal sedation (i.e. midazolam, fentanyl). We chose to
review studies that avoided the use of propofol with regional anesthesia in order to further
differentiate the two anesthetic techniques.
To date, all of the published studies comparing cognitive dysfunction between general
versus regional anesthesia have been conducted in adults.5–8 In pediatric patients, an
ongoing study, the GAS study, specifically compares the long-term neurodevelopmental
outcome between infants undergoing inguinal hernia repair under general anesthesia with
sevoflurane and regional anesthesia. The results of the GAS study are still pending.9
MATERIALS AND METHODS
Protocol
The study protocol was developed to review both randomized control trials and
observational studies that compared post-operative cognitive function following regional
anesthesia (includes spinal, epidural, combined spinal/epidural, peripheral nerves blocks,
and Bier blocks) and general anesthesia. The primary outcome was measurement of
cognitive function no sooner than seven days post-operatively. This time frame was chosen
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to eliminate any possible direct effects of surgery and anesthesia, as well as to avoid
outcomes that might be due to post-operative delirium. Any measure of cognitive function
was accepted. Patients of any age were included. Excluded in the review well are patients
who underwent cardiac, carotid, or neurosurgical procedures, or with pre-existing neurologic
deficits or diagnoses. Also excluded were those patients who received combined regional
and general anesthetics, as well as those who received propofol for sedation during their
regional anesthesia. No secondary outcomes were reviewed.
Search methods
Potentially relevant articles were identified by searching publicly available computerized
databases. The electronic databases searched were: Ovid MEDLINE, The Cochrane
Database of Systematic Reviews, CENTRAL, DARE, HTA Database, CINAHL, and
Scopus. Dates searched were from database inception to April 2014. The searches were
conducted on April 22, 2014. All relevant subject headings and free-text terms were used to
represent anesthesia and cognitive function, and the sets of terms were combined with AND.
Terms for MEDLINE included the following: Anesthesia, General/, Anesthesia,
Conduction/, Anesthesia, Epidural/, Anesthesia, Local/, Anesthetics/, ((local or regional or
general) adj an?esth$).ti,ab., Postoperative Complications/, exp Cognition Disorders/,
(cognitive adj (function or dysfunction or decline or status)).ti,ab., pocd.ti,ab., exp Memory/,
attention/, memory loss.ti,ab., and (reduc$ adj attention).ti,ab. These terms were adapted for
the other databases. Studies were also sought by searching clinical trial registries and by
scanning the reference lists of relevant studies and reviews and by using the Related Articles
feature in PubMed and the Cited Reference Search in ISI Web of Science. Appendix 1
summarizes the results and the strategies of each of the databases searched.
Two authors reviewed all titles and abstracts. When a discrepancy in whether studies met
inclusion criteria was noted between the two reviewers, a third reviewer was added to
adjudicate the decision of inclusion or exclusion of the study for the review.
RESULTS
A total of 5201 titles and abstracts were screened, 45 were found to be potentially relevant
and possibly filled our search criteria and were reviewed. Twenty-four of the 45 reviewed
studies were excluded for not fulfilling study criteria. An additional five studies could not be
fully analyzed due to inability to locate full text or English translations of the study. The
final number of studies included for the review was sixteen. Of the studies in our analysis,
one (Riis et al10) had an additional combined general/regional anesthetic group, but also had
distinct GA and RA groups for comparison. The remaining fifteen studies compared general
anesthesia to spinal, epidural, or local anesthesia (Figure 1). Both randomized control
studies and observational studies were acceptable based on the criteria of this systematic
review. However, in the final analysis, no observational studies met criteria.
A summary of the randomized control trials included is below (Table 1, Table 2). Of the
sixteen studies, twelve showed no difference in cognitive function between general and
regional anesthesia at seven days post-operatively. Four studies (Hole et al20, Jones et al21,
Karhunen et al22, Mandal et al23) did show a difference between regional and general
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anesthesia. Hole et al20 compared general anesthesia to epidural anesthesia in patients
undergoing hip arthroplasty. Of the thirty-one patients in the general anesthesia group, seven
experienced mental changes post-operatively, with five continuing to experience significant
post-operative decline several months following the procedure by self-report. None of the
twenty-nine patients in the regional anesthesia group had a measurable decline in cognitive
function.
Jones et al21 randomized patients to receive either general anesthesia or a spinal anesthetic
for their orthopedic procedure. 129 patients completed testing at the three-month follow-up.
Seven cognitive function tests were performed, with significant improvement favoring
general anesthesia on the choice reaction time test (p<0.05).
Karhunen et al22 compared general anesthesia to local anesthesia in patients undergoing
cataract surgery. While there was no difference in most cognitive testing results between the
two groups, there was a statistically significant difference favoring general anesthesia over
local in one subset of memory testing (the Luria test). Karhunen et al22 did show a
generalized reduction in memory performance across both anesthetic groups.
Mandal et al23 compared general anesthesia to epidural anesthesia in patients undergoing hip
and knee surgery. They observed a gross difference at seven days favoring regional
anesthesia in the mini-mental status exam only.
A sampling of excluded studies is presented in Table 3.
Studies that report outcomes related to cognitive functions during the first postoperative
seven days do not meet the criteria of this systematic review and are not included in the
analysis. However, of note, several studies have found small differences related to changes
in cognitive function during this very early post-operative period. Table 4 summarizes the
findings in these studies, as well as adjuncts used during regional anesthesia (Table 4).
DISCUSSION
The etiology of cognitive dysfunction following surgery, sometimes reported as
postoperative cognitive dysfunction (POCD), has been a source of discussion and research
for years. While it seems likely that the origins of POCD are multifactorial, there remains
the question of whether the effects of exposure to general anesthesia and alteration of
consciousness might contribute to its severity. Thus, there may exist possible beneficial
effects of the use of a regional anesthesia technique. Multiple clinical trials have attempted
to differentiate the effect of regional versus general anesthesia on POCD. While the majority
of the studies showed no difference in cognitive function between regional and general
anesthesia, some earlier trials did show a significant difference in post-operative cognitive
outcomes (Hole et al20, Jones et al21, Karhunen et al22, Mandal et al23).
Hole et al20 reported five out of thirty-one patients who underwent a general anesthetic for
total hip replacement had significant cognitive decline several months following surgery.
This study did have several limitations, however, most notably that the study was not
blinded and that the psychometric assessment was subjective--the prolonged post-operative
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decline was self-reported. Jones et al21 performed seven separate cognitive function tests on
patients undergoing hip and knee surgery. They found a significant difference favoring
general anesthesia on the choice reaction time test, though no difference in the other testing
components. Karhunen et al22 used several techniques to assess cognitive function, and did
find a significant difference favoring a general technique on one test of memory (the Luria
test). Of note, however, there was a higher score at baseline on this test in the general
anesthesia group, and a similar final score when compared to the regional group. This study
also noted a general decline in memory testing scores across both groups. Mandal et al23
saw a gross difference at seven days favoring regional anesthesia in the mini-mental status
exam only. There also appeared to be a difference favoring regional anesthesia in verbal
fluency testing, though this difference was not significant after correction for multiple
comparisons. The remaining thirteen studies included in this systematic review showed no
difference in cognitive outcomes between regional and general anesthetic techniques.
Although we included studies of patients of all ages, there were no studies in the pediatric
age group. Therefore, our systematic review does not provide any information that can
contribute to the discussion of anesthetic technique and anesthetic neurotoxicity in the very
young. The GAS study is an ongoing international randomized control trial comparing
general and regional anesthesia during infancy on neurocognitive development at ages 2 and
5 years. Updates of the study were reported at both the Third and Fourth PANDA
symposium.32 However, results of the study will not be available until 2015.
A serious limitation in interpreting the results of these studies includes the use of a wide
range of modalities to assess cognitive function. It is possible many of these tests may not be
sufficiently sensitive to detect subtle changes in cognitive function. This combined with the
confounding factor of sedative adjuncts often used during regional anesthetics makes it
difficult to specifically compare whether there are differences between general anesthesia
and regional anesthesia alone on POCD.
Our review suggests that currently there remains no definitive comparative data showing
that either general or regional anesthesia is associated with a reduced risk for the
development of cognitive dysfunction following surgery.
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6. ((local or regional or general) adj an?esth$).ti,ab.
7. or/1–6
8. Postoperative Complications/
9. exp Cognition Disorders/
10. exp cognition/
11. (cognitive adj (function or dysfunction or decline or status)).ti,ab.
12. pocd.ti,ab.
13. exp Memory/
14. exp Memory Disorders/
15. attention/
16. memory loss.ti,ab.
17. (reduc$ adj attention).ti,ab.
18. or/8–16
19. 7 and 18
20. randomized controlled trial.pt.








29. exp animals/not humans.sh.
30. 28 not 29
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31. 19 and 30
32. Epidemiologic studies/
33. Observational study.pt.
34. exp case control studies/
35. exp cohort studies/
36. Case control.tw.
37. (cohort adj (study or studies)).tw.
38. Cohort analy$.tw.
39. (Follow up adj (study or studies)).tw.






46. exp animals/not humans.sh.
47. 45 not 46
48. 19 and 47
49. 31 or 48
The Cochrane Library
#1 MeSH descriptor: [Anesthesia, General] this term only
#2 MeSH descriptor: [Anesthesia, Conduction] this term only
#3 MeSH descriptor: [Anesthesia, Epidural] this term only
#4 MeSH descriptor: [Anesthesia, Local] this term only
#5 MeSH descriptor: [Anesthetics] this term only
#6 ((local or regional or general) next an?esth*):ti,ab
#7 #1 or #2 or #3 or #4 or #5 or #6
#8 MeSH descriptor: [Postoperative Complications] this term only
#9 MeSH descriptor: [Cognition Disorders] explode all trees
#10 MeSH descriptor: [Cognition] explode all trees
#11 (cognitive next (function or dysfunction or decline or status)):ti,ab
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#13 MeSH descriptor: [Memory] explode all trees
#14 MeSH descriptor: [Memory Disorders] explode all trees
#15 MeSH descriptor: [Attention] this term only
#16 “memory loss”:ti,ab
#17 (reduc* next attention):ti,ab
#18 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17
#19 #7 and #18
Scopus
#1 TITLE-ABS-KEY(local anesth*) OR TITLE-ABS-KEY(local anaesth*)
#2 TITLE-ABS-KEY(regional anesth*) OR TITLE-ABS-KEY(regional anaesth*)
#3 TITLE-ABS-KEY(general anesth*) OR TITLE-ABS-KEY(general anaesth*)
#4 #1 OR #2 OR #3
#5 TITLE-ABS-KEY(cognitive function) OR TITLE-ABS-KEY(cognitive





#9 #5 OR #6 OR #7 OR #8
#10 #4 AND #9
CINAHL
S1 (MH “Anesthesia, General”)
S2 (MH “Anesthesia, Conduction”)
S3 (MH “Anesthesia, Epidural”)
S4 (MH “Anesthesia, Local”)
S5 (MH “Anesthetics”)
S6 TI local anesth* OR TI local anaesth* OR AB local anesth* OR AB local
anaesth* OR TI regional anesth* OR TI regional anaesth* OR AB regional
anesth* OR AB regional anaesth* OR TI general anesth* OR TI general
anaesth* OR AB general anesth* OR AB general anaesth*
S7 S1 OR S2 OR S3 OR S4 OR S5 OR S6
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S8 (MH “Postoperative Complications”)
S9 (MH “Cognition Disorders+”)
S10 (MH “Cognition+”)
S11 TI cognitive function OR AB cognitive function OR TI cognitive dysfunction
OR AB cognitive dysfunction OR TI cognitive decline OR AB cognitive decline
OR TI cognitive status OR AB cognitive status
S12 TI pocd OR AB pocd
S13 (MH “Memory+”)
S14 (MH “Memory Disorders+”)
S15 (MH “Attention”)
S16 TI memory loss OR AB memory loss
S17 TI reduc* attention OR AB reduc* attention
S18 S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17
S19 S7 AND S18 Limiters - Publication Type: Clinical Trial, Meta Analysis, Meta
Synthesis, Randomized Controlled Trial, Research, Systematic Review
Clinicaltrials.gov
Advanced Search:
Completed | Studies With Results | “Anesthetics, General”
International Clinical Trials Registry Platform
Advanced Search:
(Anesthes* OR anaesth*) in Intervention
AND (cognit* OR memory OR attention) in Title
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Flow diagram detailing process of study selection from database to inclusion
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